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(54) Submarine motion simulator 

(57) Toenablepitchandrollsimulation 
ofasubmarinetheapparatuscomprises 
aframeworlc2, pivotal aboutthe axis 
XX, supported by spaced-apart 
A-frames 6 and 8 and an inner 
framework32 ceriYingthechamber 
pivoted withintheframework2aboutan 
axisYY. Drive for pivotal movement 
aboutaxisXXiseffectedbyamotor15 

driving a drive wheel ^through 
harmonlcreductiongearing17.*e 
wheellBinturndrivingatoothed I slier* 
m ulti<hain,mnnin 8 a ro ur^|dlera20 
andinmeshingcontactwi^atootiied 

semi-circularpart Ufixed to framework 
l^lnnerframework32isdriven,nan 
identical mannerto the framework 2 i.e. 
bvan electricmotordriving arcuate 
member34. All pivotal movements 
restricted by tiltlimiting devices. 
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SPECIFICATION 
Submarin motl n simulator 
5 Thisinvention relates to a submarine motionsimula- 
torfor training and exercise purposes. 

According to the invention there is provided appar- 
atusforsimulallngthemotionofasubrnarine, com- 
prising a simulation chamber m^^** - 
10 rnovementaboutflrstandsecondmuwallyper- 
pendi W l8raxes.andfirstandseMnddrwrnean8 
for effecting pivotal movement of the simulation 
chamber aboutthe first and second axes re- 
sDectivelv, each of the drive means compnsmg a part 
15 SSed to the chamberand having an arcuatesur- 
SaSabeltorchainfixedatitsendstothearcua^ 
su^caandextendingoverthesurfawexcept.nan 
Le^ediateregionofthebeltinwh.ch^eave^ 
arcuatesurfaceandisengagedwrth a dnve wheel 
20 driven bvan electric motor. 
ATswellknown/rtis^ 
shouldbeabletooperatequietlyunderwater^ 
presentinventionenablesasimulatortosimulate 
manoeuvres in a quiet andthus realistic manner, and 
25 r u So^aIistic P itchandroH{abouttheflrstand 
second axes respectively). . 

Thus itis most desirableto use smooth-running, 
quietelectricmotors-Eachmotorpreferablydrrves 
throughquietreductiongearing-Harmonicgearing 
3 0ispreTer a blyusedtoprovideaiargereduct.on r .na 

Si The?hain n o 9 rbeltusedispreferablya 

multi-chain of known, "silenf^pe. n 
Preferablyeachdrivemeansfurthercomprisesa 

35 pairofidlerrollers bearing again^^ 88 ^?^ 
Leatthetwoplaceswherethechamorbelt eaves 
thearcuatesurfacetoengagethedrive wheel. 

Means are provided to isolate the chamberfrom 
noTseandvibrationsfromeachofthemotor^eanng 

40a S semblies( P referablyengagingasupportmg^f^ 
on which the chamber is mounted and about wh.cn .t 

^tsareprovidedforlim^^ 
of the chamber,i.e.the pivotal movementaboutthe 
45firstandsecondaxes.Thelimitingmeansm^ybe 
mechanical,forexam P le, using buffers movmg wrth 
thesimulation chamberand engaging buffers on an 
immovable partsuch as a supporting frame Mjtthe 
limits of movement. Alternatively, am ^switeh o 
BOmicroswitchesmaybeoperated^ehmteof 
movementtointerrupttherespecbvemotoror 
motors-Anotheraltemativeistoincorporatesuitable 
instructions in software controlling the motors. 
In practice, to achievethe 9 reatermeas ";?°; t1na 
55 safety, a combination of all three means of limiting 
movement is contemplated, operable In a sequencs 
oneortwodegree S ofmovementd.splaced^efrom 
another. When all three are available the software- 
controlledpositionisreachedfirstandsoisttjeonly 
60 movement-limitingmeansordinarilyused LThenext 
movementlimitingmeansoperable.spreferabYa 
micro S witch,interruptingthemotor andth sw,ilbe 

actuatedoniyifthesoftware-c nuolled limitls 
passedShouldthemicroswitchfa^.thebuff ror 
65 bufferswillarrestthemovementofth chamoer. 



Theinventionwill nowbefurtherdescribedbyway 
of example, with r ference to the accompanying 
drawings, in which: 
Figure r is a perspective view of apparatus forsup- 
70 porting a simulated submarine chamber; 

f/oure2isaperspectiveviewoftheapparatusof 
Rgure 1, supporting a submarine simulation 

chamber; and 
f/oure3isanelevationoftheapparatus. 
75 The apparatusshown inthe drawings provides a 
gimbalmountingsothatthesimulabonchambe^rAt 
SuDOortscanbepivotedabomintersecting,mutually 
peSSlaraxesXXandYY.tosimulate^pltchand 
roll/The apparatus comprises aframework 2 suppor- 
80 Sbyspaced^partA^rameseanda eachofwh.ch 
hasawidebaselO-AtthetopofeachA-frameisa 
pivotal connection 12to theframework2, each onthe 

Pi TheTriv^eansforthewholeframework2(asop- 
85 oosedtothedrivemeansiustforaninnerframe 

^reof,tobedescribed^^^^ 
n a llytoomed.semi-circu^rpart14 P rovW^ 
toomed arcuate surface.The parties fixed othe 
frameworkand driven by a quiet electric motor 
tlpart14iscoincidentwithmepivotax^XX-Tne 

reduction gearing 17. The drive wheel inturn drivesa 
toothed multi-chain 18 of the -silent type. 
95 The chain contactstwo idlers20 abovethe dnve 

9 .whTel l^**n««undlli.»^n» 
meshing contact with the arcuate surf ace rfthHMH 
cirLlar P art14.Thereafter,thechainfollows*esur. 
fawofthepart14.Thechainisfixedateachof.ts 

100 ends22tothepart14. nicnfthatvoe 
The harmonic reduction geanng 17 is of the type 
producedbyHarmonicDrive Limited under part 
numSDVC80.Aninternally-toothedringgearis 
driSanirtemallytoothed,fiexibleannulargear 

geartodrtvenbyanelllptlcallnprtmemtarinmdeA 

via a ball bearing transmission between 
rputmemberandtheflexiblegear.Theflexiblegear 

twcdiametrically-opposed positions or 
inputmembertumsthroughonerevolutonthenng 
oear.whichisthe output member of*egeanng, 
115 advancesbytwoteeth.Accordinglythegear.ngpj 



videsaspeedreductionof50:l. I ne n«™ - 
inamoreover, P rovide S thislargespeedreduct.on 

ency and with concentric input and outpiitmernbers. 
motor output shaft have a common axis. 
FlexonUmited,andbyRamseyS.lentChamLim.ted. 
Thistypeof chain istypicallymadeupalongte 
125 Lgthofchainsectionsea^^^^ 

arranged parallel to ne another, ^ch J'™ has ™» 
aoertures Each apertur receives a rod wh.ch also 

otherfourlinks ^^^XmST 
130 appropriateaperturesofthelinksofth adjoining 
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OnoTrol 2 n ' S ° ast0 s^urethesectlon together 

(30.5 cm). The chain is able toflex in a quietmannef 

m ^;T h,taabl8topermit ^ e ' ? m'tedflexingmove. 
10 ^AworoTnglythechain^^ 

uractured by Rewo Caster Co. Ltd 

3^rd a r Pere K 2 ?'^ 00fwh, ' chareshown 'n^ure 
£ a m P« rshe, PtoPreventthetransmissi 0 nof 
v^ratonandnoisetotheA-frameeandhencatntL 
framework2andcha m ber4.This S ^nd^^^^^ 

ItwllbeapparentthatrotationofthedrivewhflBl 

■■■■ .S 1 ^ 8 ^^-- 

35 Jn^S^^^'^^Ortwd? 
S ™ rth f. rmove menl; respectively. 
Within i the framework2 is an innerframe32 which 

^ a mber4 1 ssecuredtothi S innerfra m e32.Theinner 
40 5 meiSd "r eninanfden ^'niannertothewhor^^^ 
^^^^•by^electricmotorJm^SnSe 

SSdUSi ampm9 andtilt '""iting devices 
45 2 ST fthesamet yP"sforthewholeframe. 
rTan^utS7° f * e,nnerframesfmulat « 

55 driv« t i dnV8 m ! ans Js P ravid ed with an auxiliary 
Rgure 3). The respective auxiliary drives arefoTem- 
innS US9 5 restorin 3 t heframework2andthe 
nnerframe32tothelevel P osition,atwhichtheJa re 

K d E dm ° to "nd!ncorporateachange^ver 
clutch mechanism and gear-box. 

2 nwhtehth fthe , aPParatUSisap P arent ^niRgure 
2 n which the cut-away portion reveals the int rio? 

65 ughtoaccommodatefiveorsixcr wundertrain- 



ing. 

CLAIMS 

23?!?* u riVB means is su spended from a sud- 
portmgframebyresHientlinkmemberswhThserv^ 

9* chain memSt0tte< * amb ^andtotensionthe ' 

wSr^nT^! accord}n 9 to any preceding claim 
wherein means for limiting the pivotal movements 

100 idad "l thaform «rf softwarecontrolling the motoi-s 

SShi nmean f forl,niftin 9thepivotalmovementof 
dedS b f erabo, i tth8fireta n d secondaxesSp? o ;. 

ins P ltn ? respective motorormotors. 

no fPP aratUsaccorc "ngtoclaims5.6and7 
eab| e inasequence,thesoftwareprovidingthe 
control operating if the software control fails and the 

ii 5 2o^r em ^^ 

between the drive wheel and the motor. " COrp0rated 

120 cribedv^r^^^ 

drawfn? ° theare0mpany, * n 9 



